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[Plate 3.] 

In a previous communication we showed that the phagocytosis which 
occurs when cultures of the Staphylococcus pyogenes are added to 
human hlood, is directly dependent upon the ..presence of certain 
substances in the blood which exert a specific effect upon the bacteria. 
We suggested that the bacteriotropic substances here in question 
might appropriately be denoted by the term '' opsonins." 

In the present paper we propose to bring out certain further points 
in connection with the '^ opsonic power " of the blood. 

Eelation of the Opsonic Power of Human Blood to the 
Capacity of Eesisting Invasion by the Staphylococcus 
Pyogenes. 

It has already been sliowai^ by one of us that patients who are the 
subjects of acne, sycosis, or boils are characterised by a defective phago- 
cytic power for the Staphylococcus pyogenes. We have recently been 
able to satisfy ourselves that this defective phagocytosis is dependent 
upon a defect of opsonic power. 

It has also been shown by one of us that the cure of these bacterial 
infections, which can in almost every instance be achieved by the 
inoculation of appropriate quantities of sterilised staphylococcus 
cultures, is associated with the acquirement of an increased phagocytic 
power. We have now succeeded in establishing the fact — already 
adumbrated in our previous paper — that the increased phagocytosis 
which is associated with the achievement of the condition of immuni- 
sation here in question is dependent, not upon a modification of the 
white corpuscles, but upon a development of opsonins in the blood 
fluids. 

The results of the subjoined experiment bring out this fact into clear 
relief. 

Details of the Expemnemi. 

Immunised Fatienfs Blood, ■ — The patient, F. P., who had long been the 
subject of aggravated staphylococcic sycosis, had, after prolonged and 

* ' Lancet,' March 29, 1903. 
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ineffectual treatment with antiseptics, been subjected to three successive 
inoculations of a sterilised staphylococcus culture. Under these inocula- 
tions his clinical condition had ameliorated itself in an astonishing 
manner, and his phagocytic power, which had previous to the date of 
inoculation been less by half than that of the normal man who served as 
a control, had increased in a progressive manner after each inoculation, 

A sample of blood was now (by the technique elsewhere described)"^ 
drawn oif and mixed with -^^Xk of its volume of 10 per cent, citrate of 
soda. A second sample of blood was drawn off and allowed to clot in 
the ordinary way. 

In the case of the first sample of blood the corpuscles were isolated 
from the plasma by repeated washing wifch physiological salt solution,, 
and centrifugalisation. The corpuscles thus isolated are referred to 
below as " washed corpuscles.'' 

In the case of the second sample of blood the serum, was simply 
separated from the corpuscles in the ordinary way by centrifugalisation. 

Control Blood from a Normal 3fan.~~~The blood which served as a 
control was obtained from a normal healthy man. It was drawn off in 
exactly the same manner and was treated in each case by exactly the 
same procedures as the blood obtained from the patient. 

Bacterial Otdture. — The bacterial culture employed in the experiments 
set forth below was obtained by suspending in physiological salt 
solution a portion of a 24 hours' growth of Staphylococcus albus 
on agar. 

The quantities of serum, washed corpuscles, and staphylococcus culture 
which are specified below were then in each case taken up into a 
capillary tube, mixed on a glass slide, re-aspirated into the tube, and 
digested together at blood heat for 15 minutes. Films were then 
made and stained by Leishman's stain. Finally the number of ingested 
bacteria were enumerated in a series of polynuclear W.B.C. taken in 
order as they came. 

The phagocytic index given below—and the same applies through- 
out this paper — represents in each case the average number of bacteria 
ingested by the individual P.W.B.O. The number of polynuclear 
white blood corpuscles which have furnished the index is in each case 
inserted in brackets :- — 

Experiment. 

A, 

Immtmised patieBt's washed corpuscles . . .,,..,. 3 vols. 

Immunised patient's serum .,.,.. , 3 ,, 

Suspension of staphylococcus culture • - . . . 1 vol. 

Phagocytic index (20 P. W.B.C), 25*7. 

* ' Lancet,' Januarj 23^ 1904. 
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Washed corpuscles from normal man ,.,,........ 8 toIs. 

Suspension of stapliylococcus culture ............ 1 vol. 

Phagocytic index (15 P.W.B.C), 13. 

0. 

Iinmimised palienti's %»slied corptiscles ,*,,..,*.* 3 vols. 
Serum, from normal man «*,..,...,..,.*..,,,.. 3 5, 
Suspension of stapliylococcus culture ............ 1 vol. 

Phagocytic index (15 P.W.B.C.)^ 13. 

J). 

Wasbed corpuscles from normal mait ....♦*...♦.. 3 vols. 

Serum from immunised patient .....,......*. . . 3 „ 

Suspension of staphylococcus culture ,,,,,.,,,..<, 1 vol. 

Phagocytic index (15 P.W.B.O.), 28*2. 



Experiments on- the Opsonic Power of Human Bloob in its 
Eelation to the Bacillus of Plague. 

In these and all subsequent experiments, unless where otherwise 
specified, the technique employed was exactly the same as that 
employed in the experiments set forth above. It may further be 
premised that the bacterial suspensions employed were in each case 
suspensions of very young agar cultures™~-in most cases 24-hour 
cultures-~-in physiological salt solution. By the term " heated serum " 
is in each case to be understood serum which has been subjected to a 
temperature of 60° C. for 10 minutes or more. 

Experiment 1. 

A. 

S. E. I),'s unheated serum. ..................... 3 vols. 

S. R.. DJs washed corpuscles. .................... 3 „ 

Suspension of plague bacillus ..*.,...,»,........ 1 vol. 

Phaffocvtic index (20 P.W.B.C), 3"0. 

B. 

S. E... B.'s heated serum ...,,«..,.,,,,*,.,,...... 3 vols. 

S. B. D.'b washed corpuscles, 3 „ 

Suspension of plague bacillus ....,,...**,...*,., 1 vol. 

Phagocytic index (25 P.W.B.C), 0*7. 
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Experiment 2. 

Ja., 

S. E, D.'s unseated serum. ,..,... ...,.«.,, 3 vols. 

S. E. D.'s waslied corpuscles. . 3 „ 

Suspension of plague bacillus 1 vol. 

Phagocytic index (20 P.W.B.C.)^ 13'L 

S. R. B.'s heated serum. 3 vols. 

S. E-. D.'s waslied corpuscles 3 . ,, 

Suspension of plague bacillus 1 vol. 

Phagocytic index. (20 P.W.B.C), 2*1. 
Experiment 3. 

A , 

A. E. W.'s unheated serum ■*...,...... 3 vols. 

S. R. D.'s washed corpuscles. .................... 3 „ 

Suspension of plague bacillus 1 vol. 

Phagocytic index (21 P.W.B.C), 19*6. 

B. 

A. E. W.'s heated serum 3 vols. 

S. R. D.'s w^ashed corpuscles. 3 ,, 

Suspension of plague bacillus 1 vol 

Phagocytic index (54 P.W.B.C), 8*4. 



Experiment 4. 

B. H. S.*s unheated serum , 2 vols. 

A. E, W.'s washed corpuscles 2 ,, 

Suspension of plague bacillus 1 vol. 

Phagocytic index (43 P.W.B.C), 5*3. 

B. 

B. II. S.'s heated serum. 2 vols. 

A. E. W^.'s washed corpuscles ...,,,., 2 „ 

Suspension of plague bacillus 1 vol. 

Phagocytic index (43 P.W.B.C), 1'4. 

It may incidentally be noted in connection with these experiments 
that while the plague bacilli which lay free in the films were in each 
case quite unaltered, many of those which had been ingested showed 
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extremely characteristic involution forms'^ such as we have not seen 
since we worked with freshly isolated plague cultures in Bombay in 
connection with the Indian Plague Commission. So typical were the 
involution forms of the ingested plague bacilli, that we should not 
hesitate to employ the method of phagocytosis as an aid to diagnosis in 
the case of a doubtful plague culture. 



Experiments on the Opsonic Power of Human Blood in 
Eelation to Micrococcus Melitensis. 

Experiment 1. 

S. E. D.'s unlieated serum .,,..,.. »,...«.» 3 vols. 

S. R. D.'s washed corpuscles ..,..,,.. '. 3 ,, 

Suspension of Micrococcus Melitensis, ...,,. 1 ,, 

Phagocytic index (10 P.W.B.C), 26-9, 

S. B. D.'s heated serum. 3 vols. 

S. E. D.'s washed corpuscles. ..=>.,... , 3 „ 

Suspension of Micrococcus Melitensis «.,.... 1 

Phagocytic index (10 P.W.B.C), 9*2. 



SJ 



Experiment 2. 

A. 

A. E. W.'s unheated serum. , 3 vols. 

A. E. W.'s washed corpuscles 3 „ 

Suspension of Micrococcus Melitensis 1 „ 

Phagocytic index (21 P.W.B.C.), 10*0. 

B. 

A. E. W.'s heated serum , , . , 3 vols. 

A. E. W.'s washed corpuscles.. 3 „ 

Suspension of Micrococcus Melitensis ,« 1 vol. 

Phagocytic index (21 P.W.B.C.), 2*4. 
Experiment 3. 

S. R. D.'s heated serum 3 vols. 

A . E. W.'s washed corpuscles .................. 3 ,, 

Suspension of Micrococcus Melitensis 1 vol. 

Phagocytic index (21 P.W.B.C), 12-9. 

*' It may be observed that our plague culture—like other plague cultures 
which have been cultivated on artificial nutrient media for a number of genera- 
tions — has altogether lost the property of developing in a spontaneous manner the 
involution forms which are characteristic of freshly isolated plague cultures. 
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B. 

S. B, D.'s heated serum .».,,«,,,,....♦..,...,,, 3 toIs. 

A. E. W.*s washed corpuscles .,...,., 3 ,, 

Suspension of Micrococcus MelUensw ............ 1 toL 

Phagocytic index (21 P.W.B.C.), 0'9. 



EXPEEIMENTS ON THE OPSONIC PoWER OF HUMAN BlOOD IN 

Eelation to the Bacillus dysentericFkS (Shiga). 

Experiment 1, 

A. 

S. B. B/s unlieated serum ............,,,<,....♦. 3 toIs. 

S. El. B.'s washed corpuscles. ......,.,. 3 ^, 

Suspension of Shiga's bacillus ,,*...,.,.,...»,.. 1 voL 



Phagocytic index (20 W.P.B.O.), 4*2. 

B, 

S. B. D.'s washed corpuscles .,....»........,,.. 3 „ 

Suspension of Shiga's bacillus ..»...,.,♦..»♦.*.. 1 toL 

Phagocytic index (20 P.W.B.C), O'O* 



Experiment 2, 

A. 

A. B. W.*s unheated serom. .................... 3 vols, 

S. B. B.'s washed corpuscles .,,.............,,.. 3 „ 

Suspension of Shiga's bacillus. 1 toL 

Phagocytic index (20 P.W.B.O.), 5-4. 

B. 

A.. E. W.'s heated serum ....................... S toIs. 

S. B. B.'s washed corpuscles, ................... 3 „ 

Suspension of Shiga's bacillus. 1 vol. 

Phagocytic index (33 P.W.B.C), 0*1. 



Experiment 3. 

A. 

S. B. DS unheafced serum ...>,........ ....... 2 vols, 

S. B. B.'s washed corpuscles ,-....., 2 „ 

Suspension of Shiga's bacillus .................. 1 vol. 

Phagocytic index (20 P.W.B.O.), 3*6 
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S» E. DJs heated serum ,,«,..,..*..,,«..',«,.., S toIs, 
S. B. D.'s waslaed corpuscles ......,....♦»,,,»,« 2 „ 

Suspension of Shiga's bacillus .....,.,......,»,. 1 toL 

Phagocytic index (20 P.W.B.O.), 0*2. 

A certain nmiiber of the bacilli (and these bacilli were found 
indifferently in the interior of the cells and free in the preparation) 

had, in the ease of the experiments undertaken with nnheatecl seruB,n 

undergone sphernlation. 

EXPEEIMENTS ON THE OPSONIC POWIR OF HUMAH BlOOD IN ITS 

Relation to the Bacillits coli, 

4 

x>» jrj.5 o. S lHlilGH>t8Ct SG3*tlll1.» •»».!,«»«»»««i.*. ••.»«» O VOlSa 

B, H. S/s washed eorpiiseles, *.,..,*.,♦.,.,»,,,. 3 ,., 
Suspension of the J^aeiUiis ooli .....*.♦..,.*.,,. 1 yoL 

Phagocytic index (20 P.W.B.O.)? 3*8. 

B, H. S/s heated serum ..««..,».,.,..«..,...,«. B toIs. 
B, H. S,'s washed corpuscles .,.,,..,,.,,...«,«,» 3 j, 
Suspension of the Bacillus co?* ......,».....,<.. . 1 toI. 

Phagocytic index (20 P.W.B.C), 0*75. 

Experiment % 
A. 

-1? a jD fc B A"* a Six Oct COAUuLBCivS **»i»«e *«>«»«««*##;»*«»#■(,'' £S «» 

Suspension of the BaeiUus eo?i. *..,.,..♦,..,,,» , 1 yoh 

Phagocytic index (20 P.W.B.O.), 5. 



¥, F/s washed corpuscles .*,.,,,,,,..,.,.»«.,.• 3 „ 
Suspensioii of tha BcwiUus eoli^ «,»»..*^t. .,»,,., 1 toL 

Phagocytic index (21 P.W.B.C), 0*76. 
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Experiments on the Opsonic Power op Human Blood in its 
Eelatioh to the Pneiimococcus op Fraenkel. 

Experiment 1. 

A. 

S. R. D.'s unkeated seroni, .....,,.....,....,.,, 2 vol?.. 

S. B. D.'s wasliecl corpuscles 2 ,, 

Suspension of the pneumococcus of Fraenkel. • . . . . 1 vol. 

Phagocytic index (15 P.W.B.C), 16. 

B. 

S. R. 33 .'s lieated sei'utn ..*.....*.. 2 vols. 

S. R. D.'s washed coi'ijuscles ,.'.................. 2 „ 

Suspension of Fraenkel's pneumococcus «*........ 1 vol. 

Phagocytic index (40 P.W.B.C.)j 1*1. 
Experiment 2. 

A. E. W.'s unheated serum. 2 vole. 

S. R. D.'s washed corpuscles .................... 2 „ 

Suspension of Fraenkel's pneumococcus .......... 1 vol. 

Phagocytic index (23 P.W.B.C), 6. 

B. 

A. E. W.'s heated serum 2 vols. 

S. R. D.'s washed corpuscles. .................. 2 ,, 

Suspension of Fi-aenkel's pneumococcus .......... 1 vol. 

Phagocytic index (40 P.W.B.C), 0'2. 



Experiments on the Opsonic Power op Human Blood in its 
Relation to the Bacillus op Anthrax. 

Experiment 1. 

S. R. D.'s unheated serum 3 vols. 

S. R. D.'s washed corpuscles. ....... ........... 3 „ 

Suspension of Bacillus anihracis ................ 1 toL 

Enumeration was here impossible, hut there was everywhere 
evidence of phagocytosis. In the few cases where the leucocytes had 
not ingested bacteria, they were found to have extended themselves in 
a characteristic grasping manner along the bacterial threads (fig. 5). 

vol, lxxiii, l 
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S. B. D.'s heated serum. ..,.•,..... 3 toIs. 

S. B. D.'s waslied coi^piiseles .,,......,,.,. 3 ,, 

Suspension of fclie Bacillus anfhraeis** ........... 1 toL 

Here there were practically no signs of phagocytosis. The cells were 
ererywhere empty^ and they had not drawn themselTes into intimate 
contact with the anthrax threads (fig. 6). 

Experiment 2. 

A. 

A. E. W.'s iitiheated serum / ,.,...,..,.'...,. 2 vols. 

S. B. D.*s washed corpuscles 2 ,, 

Brofcli culture of antbrax . , , . .,<........, 1 yol. 

Phagocytic index (36 P.W.B.C), 2*4 (approximate only). 

B. 

A. E. W.'s lieated serum ...................... 2 toIs. 

Broth culture of anthrax 1 voL 

Phagocytic index (100 P.W.B.C.)? 0. 

Opsonio Power of Human Blood in its Relation to the 
Bacillus typhosus and the Oholeba Vibrio. 

It is well known that human blood exerts a very considerable 
bactericidal power upon, cultures of the Bacillus hj2yhosus and of the 
cholera vibrio. The destructive effect in question manifests itself to 
microscopical observation in the form of very profound moi'phological 
changes which come under observation in cultures which have been 
digested with unheated serum. The bacteria in such cultures^ after 
undergoing agglutination and spherulation, swell up and lose their 
chemical affinity for anilin dyes. Finally they are completely 
dissolved. 

It is manifest that where disintegrative changes of this kind are 
occurring under the influence of the serum, opsonic effects will be more 
or less thrust into the background. These last will, in the case 
of phagocytic experiments conducted with unheated serum, be masked, 
on the one hand, by the fact that there will be fewer bacteria available 
for phagocytosis, and on the other hand by the fact that intracellular 
disintegration will, it may be presumed, be more rapid in the case 
where the serum has already exerted a disintegrative effect on the 
bacteria anterior to their ingestion. 

Lastly, ingested bacteria which have lost their characteristic chemical 
affinity for their stain may readily escape enumeration. 
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All tliese points must be taken into consideration in connection with 
the subjoined experiments : — 

Experiment 1. 

A. 

S. R. D.'s unheated serum 3 vols. 

S. R. D.'s washed corpuscles 3 ,, 

Suspension of the cholera vibrio 2 „ 

Everywhere considerable phagocytosis. Complete spherulation of 
almost all the micro-organisms within and all the micro-organisms 
outside the cells. No indication of vacuolation round the ingested 
bacteria (fig. 3). 

Phagocytic index (14 P.W.B.O.), 24 (arc). 

B. 

S. R. D.'s heated serum 3 vols. 

S. R. D.'s washed corpuscles 3 „ 

Suspension of the cholera vibrio * . . 2 „ 

Everywhere considerable phagocytosis. No spherulation of the 
micro-organisms either within or without the leucocytes. Very marked 
vacuolation of the leucocytes round the ingested bacteria (fig. 4). 

Phagocytic index (11 P.W.B.G.), 26-2 (arc). 

Experiment 2. 

A. 

A. E. W.'s unheated serum 3 vols. 

S. R. D.'s washed corpuscles « 3 „ 

Suspension of the cholera vibrio 1 vol. 

Complete spherulation of all the bacteria, whether within or without 
the cells. 

Phagocytic index (21 P.W.B.C), 8-1 {circ.\ 

B. 

A. E. W.'s heated serum 3 vols. 

S. R. D.'s washed corpuscles 3 „ 

Suspension of the cholera vibrio 1 vol. 

No spherulation of the micro-organisms, either within or without the 

leucocytes. 

Phagocytic index (13 P.W.B.C), 0-8. 

L 2 
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Experiment 3. 

A., 

S. R. D.'s unheated sertim 2 vols. 

S. E,. D.'s washed corpuscles .....,,,<,« 2 ,, 

Brotli culture of tlie typlioid bacillus ,.,,,,.,... 2 „ 

Much phagocytosis. Complete spherulation of all the extracellular 
micro-organisms. Many of the bacilli in the interior of the leucocytes 
have completely preserved their original contours, others— probably 
the later ingested ones-^are spherulated (fig. 1). 

B. 

S. B, D.'s lieated serum 2 yoIs. 

S. E.. D.'s washed corpuscles .,,.., .,..,... 2 „ 

jBroth culture of the typhoid bacillus 2 ,, 

Much phagocytosis. All the micro-organisms, whether within or 
without the leucocytes, are morphologically unaltered and have pre- 
served their staining properties unimpaired (fig. 2.). 

Experiment 4. 

A. ■ ■ 

A. E. W.'s imheated serum ,....,«. 3 vols. 

S. B. D.'s washed corpuscles ,......».,..,,,.... 3 ,, 

Broth culfciTabion of the typhoid bacillus ...,.,,. 2 ), 

Complete .spherulation of all the extracellular bacteria which have 
escaped solution. In interior of leucocytes most of the bacteria have 
undergone spherulation, but in the centre of the corpuscles some — 
probably those which were soonest ingested-~are morphologically 
unaltered and preserve their staining properties unaltered. 

Phagocytic index, 100 (estimated). 

B. 

A. E.^ W.'s heated serum. ..,..„ 3 yols, 

S. R. D.'s washed corpuscles , , 3 ,, 

Broth cultivation of the typhoid bacillus ........ 1 vol. 

Ho spherulation, either within or without the cells. 

Phagocytic index (20 P.W.B.C), 31*8 (circ). 

Experiment 5. 

S. R. D.'s Tinheated serum. ....,....,,........*« 3 vols. 

S. R. D.'s washed corpuscles .................... 3 „ ■ 

Suspension of the typhoid bacdliis , ............ 1 vol. 

All the bacilli both within and without the cells have undergone 
spherulation. 

Phagocytic index (11 P.W.B.C), 13*6. 
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B. 

S. B. B.'s lieated serum „ 3 toIs. 

S. B. D.'s washed corpuscles .,..,.. .3 „ 

Suspension of the tjphoid bacillus. , 1 vol. 

No spherulation either within or without the leucocytes. 

Phagocytic index (23 P.W.B.O.), 7*2. 

Of incidental interest in connection with the above experiments is 
the demonstration which they afford, that the spherulation of the intra- 
cellular ingested micro-organisms, which has been often ascribed to the 
agency of the leucocytes, is in reality due to agency of the blood 
fluids. 



Opsonic Power of Human Blood in its Relation to the 
Diphtheria Bacillus and the Xerosis Bacillus. 

Experiment 1. 

A. 

A. E. W.'s imlieated scrum. 3 Tols. 

A. E. W.'s washed corpuscles . . , , 3 ,, 

Suspension of the diphtheria bacillus > 3 ,, 

Phagocytic index (27 P.W.B.C), 0*7. 

B. 

A. E. W/s heated serum ,,...,..»<, 3 toIs. 

A. E. W.'s washed corpuscles, , 3 „ 

Suspension of the diphtheria bacillus 3 „ 

Phagocytic index (29 P.W.B.C), 4'1. 



Experiment 2. 

A. 
B. H. S.'s tmheated seram. 3 toIs. 

Suspension of the diphtheria bacillus 2 „ 

Phagocytic index (20 P.W.B.C), 8'0. 

B. 

B. H. S.'s heated serum 3 vols. 

B. H. S.'s washed corpuscles 3 ,, 

Suspension of the diphtheria bacillus . , , „ 2 ,, 

Phagocytic index (20 P.W.B.C), 10'9. 
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Experiment 3. 

.An 

B. H. S.'s anheated serum 3 vols. 

B. H. S.'s washeti corpuscle s. 3 ,, 

Suspension of the diplitlieria bacillns ............ 1 toI. 

Phagocytic index (44 P.W.B.O.), 4*0. 

B. 

B. H. S.'s heated serum ....................... 3 vols. 

B. H. S.'s washed corpuscles .,.«•...,,......... 3 „ 

Suspension of the diphtheria bacillus 1 toI. 

Phagocytic index (50 P.W.B.C.), 3*3. 

Experiment 4. 

A. 

A. E. "W.'s unheated serum « 3 vols. 

A. E. W.'s washed corpuscles. .................. 3 „ 

Suspension of tbe xerosis bacillus 1 vol. 

Phagocytic index (40 P.W.B.O.), 2-8. 

B. 

A. E. W.'s heated serum. ...*.«. 3 vols. 

A. E. W.*s washed corpuscles .................. 3 „ 

Suspension of the xerosis bacillus ............... 1 vol. 

Phagocytic index (25 P.W.B.C), 3-2. 
Experiment 5. 

B. H. S.'s unheated serum ,,.........,..« 3 vols. 

B. H. S.'s washed corpiiseles ,.....,.. 3 ,, 

.'Suspension of the xerosis bacillus. ,...,.., 1 vol. 

Phagocytic index (30 P.W.B.C), 6-3. 

B. 

B. H. S.'s heated serum ...>,..... ^ . . . 3 vols. 

B. H. S.'s washed corpuscles 3 „ 

Suspension of the xerosis bacillus. 1 vol. 

Phagocytic index (30 P.W.B.C), 6. 

Conclusions, 

The experimental data which have been set forth above establish that 
the opsonic action of the blood fluids-™to which attention was for the 
first time directed in our previous communication--is exerted not 
exchisively upon the Stajihylococms loyogenes, but also upon the Bacillus 



vriAiht. a lJf)U-(fli 



Ka: 



}J 













, , i'^k 









' ' '-. "i. 



1904] liole of Blood Fkdds in connection loith Phagocytosis. 141 

festis, the Micrococcus melUensis, the Diplococcus pneumonim of Fraenkel, 
the IJcmUus coli, the Bacillus dysenterice (Shiga), the Bacillus anthmcis^ 
the Bacillus k^hosus, and the Vibrio cholerce Asiaticm, 

So far as we have gone, the Bacillus clipMherice and its congener the 
Bacillus I xerosis have proved to be the only pathogenetic bacteria which 
are insensible to this action of the blood fluids. 

Taking these experimental data in conjunction with other facts which 
have been elicited by us, or as the case may be by one of us working 
in connection with Captain F. Windsor,"^ LM.S., with regard to the 
bactericidal action exerted by human blood upon the various species 
of pathogenetic micro-organisms, we may classify these bacteria in the 
following categories :— 

(1) Bacteria which are eminently sensible to the bactericidal^ bacteriolytic, 
and opsonic action of normcd human blood fluids. — The Bcmllus typhosus 
and the Vibrio cholerce Asiaticce, 

(2) Bacteria which are in some measure sensible to the bactericidal action 
of the normal human blood fluids, and which are eminently sensible\to its opsonic 
action. — The Bacillus coli and the Bacillus dysenterice. 

(3) Bacteria tohich are absohdely insensible to the bactericidal action of the 
normal human blood fluids, but care eminently sensible to the opsonic action of 
these fluids. — -The Sta^jhylococcus pyogenes, the Bacillus pestis, the Micro- 
coccus melitensis, the Diplococcus pneumonice of Fraenkel. 

(4) Bacteria which are insensible both to the bactericidal and to the opsonic 
action of human blood flmids.—The Bacillus diphtherice and Bacillus 
xerosis. 

It may be pointed out in conclusion that the demonstration fur- 
idshed above, that successful immunisation against the staphylococcus 
pyogenes is dependent upon an elaboration of opsonins in the system 
of the inoculated patient, suggests that successful immunisation against 
plague and Malta fever, and we may add against streptococcal invasions,, 
may be likewise dependent upon the elaboration of opsonins. 

It will be manifest that if this is so, the determination of the opsonic 
power of the blood is calculated to render services also in connection 
with the testing of any therapeutic sera which may find an application 
in connection with the disease. 

DESCRIPTION OF PLATE 3. 

Fig. l.—WMte Blood Corpuscles digested with tmheated seruni and culture of the 
Bacillus typhosus for 15 minutes at 'dl"" C. Shows, in the case of tlie 
extra-cellular micro-organisms^ complete spherulation and agglutination. 
Many of the micro-organisms in the interior of the phagocyte are 
imaltered with respect to their sliape and staining reaction ; others— 
presumably the later ingested micro-organisms— -liaYe undergone spheru- 
lation. 
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Fia. 2. — -Wliifce Blood Corpuscles digested with heated serum and culture of tlie 
Bacillus typhosus for 15 minutes at 37° C. Shows that the micro- 
organisms retain their shape, both within and without the phagocyte. 

Fio, y. — ^White Blood Corpuscles digested with unheatecl serum and culture of the 
Cholera Vibrio for 15 minutes at 37° C. Shows, in the case of the 
extra- cellular micro-organisms, complete agglutination and spherulation. 
Two of the micro-organisms in the interior .oi* the phagocyte — pre- 
sumably those first ingested- — retain their characteristic shaj)e. 

Fig-. 4. — "White Blood Corpuscles digested with heated serum and culture of tlie 
Cholera Vibrio for 15 minutes at 37° C. Shows vacuolation of the 
phagocyte and no alteration in the micro-organisms, either within or 
without the phagocyte. 

Fig. 5. — White Blood Corpuscles digested with unheated serum and culture of the 
Bacillus anthracis for 15 minutes at 37° C. Shows the phagocyte 
extending itself in such a manner as to inyaginate the bacilli. 

Fig-. 6. — White Blood Corpuscles digested with heated serum and culture of the 
Bacillus anthracis. Shows an anthrax thread lying upon a phagocyte, 
which makes no attempt at phagocytosis. 



" Suiispot Yariation in Latitude, 1861-~-1902." By William J. 
S. Lockyer, M.A. (Camk), Ph.D. (Gott.), F.E.A.S., Cliief 
Assistant, Solar Physics Observatory. Communicated by Sir 
Norman Lockyer, K.C.B., LL.l)., F.E.S. Eeceived January 16, 
— Eead February 11, 1904. 

[Plates 4 and 5.] 

In a previous communication,'^"" Sir Norman Lockyer and I gave 
the results of a discussion of prominence observations, and pointed 
out the necessity of dealing individually with small zones on the solar 
surface. 

In that paper brief reference was made to the law of spot zones, as 
discovered by Carrington, and corroborated by Sporer, and it was 
further stated that more modern observations had established these 
general deductions of spot distribution. The words " general deduc- 
tions ^' were purposely used, as it was then noticed that there were 
many anomalies that required explanation. 

The object of the present paper is to draw attention to these 
anomalies, and to give the results that have been deduced from a 
minute examination of the changes of heliographic latitudes of sun- 
spots from year to year. The present evidence indicates that the law 
of Sporer, although of great importance, represents only a very general 
idea of a complicated sunspot circulation. 

* *' Solar Prominence and Spot Circulation, 1872—1901," * Koy. Soc. Proc.,' 
voL 71, p. 4i6. 







—"While Blood Corpuscles digested with miheated serum and culture of tbe 
Bacillus iifphostis for 15 miuutcs at Zl^ C. Shows, iti the case of the 
extra-cellular micro-organisms, complet* spberulation and agglutination. 
Many o£ the inicro-organisuis in the interior of the pliagocyto are 
unaltered with respect to their shape and staining reaction ; others — 
presumably the hiler ingested micro-organisms — liave undergone spheru- 
lation. 

—White Blood Corpuscles digested with heated serum and culture ol' fclic 
SaciUus typhosus for 15 minutes at 37^ 0. Shows that the micvo- 
organiams retrain th«ir shape, both within and without tho phagocyte, 

—White Blood Corpuscles digested with unheated aeruiii and culture of tlio 
Cholem Vibrio for 15 minutes at SV" C. Shows, in the case of the 
extra-cdlular micro-organisms, complete agglutination and sphcrulalion. 
Two of the micro-organisms in the interior of the phagocyte — pre- 
sumably those first ingested — retain their characteristic shajw. 

— Wliite Blood Corpuscles digested witli fieated serum and culture cf tlie 
Cholera Vibrio for 15 minutes at 37° C. Sliows Tucuolation of Iho 
phagocyte and no alteration in the micro-organisms, either within or 
without the phagocyte. 

—White Blood Corpnsch's digreted with nnlieaied serum and culture of tho 
Jiacillas anthracis for 15 minutes at 37° G. Shows the phiigocvle 
extending itself in such a manner as to invagiuate the bacilli. 

—White Blood Corpuscles digested with Jteated serum and culture of tho 
Havillas anlkraci^. Shows an antlirax thread lying ui)on a pha-fooyic, 
which makes uo attempt at phagocytosis. 



